Cell-free extracts from Lemna and suspension cultured carrot (Daucus Carota L.) catalyze S-adenosylmethionine-dependent N-methylations of phosphoethanolamine, phosphomethylethanolamine, and phosphodimethylethanolamine; extracts of suspension cultured soybean (Glycine max), of phosphoethanolamine only. Material pelleted from each tissue between 15,000 and 100,000g catalyzes S-adenosylmethionine-dependent N-methylations of phosphatidylmethylethanolamine and phosphatidyldimethylethanolamine, but not phosphatidylethanolamine. Extracts from each tissue catalyze CTP-dependent cytidylyltransfers to each of the three methylated phosphoethanolamine derivatives, forming the corresponding CDP derivatives. Some of the properties of the activities investigated are reported. On the basis of in vivo labeling experiments, we have proposed (AH Datko, SH Mudd 1988 Plant Physiol 88: 854-861) differing pathways for phosphatidylcholine synthesis in which, after a common committing step, N-methylation of phosphoethanolamine, subsequent methylations occur in Lemna almost exclusively at the phospho-base level; in soybean, at the phosphatidyl-base level; and in carrot, at both levels. Thus, among the activities investigated, at least those required for the operation of the proposed pathways have been positively demonstrated. The extent to which the present results explain the differences between these pathways is discussed, and a speculation offered as to how these differences may have arisen phylogenetically.
of these studies include a committing step common to the three plants: namely an initial N-methylation of P-EA to form P-MEA. Subsequent methylations occur either virtually exclusively at the phospho-base level (Lemna) (19) , at the phosphatidyl-base level (soybean), or at both of these levels (carrot) (4) . These suggested pathways require the activity of certain phospho-base N-methyltransferases which have not hitherto been described, and of additional cytidylyltransferases and phosphatidyl-base N-methyltransferases (4) . In this paper we report methods for assay of each of the activities in question, and the results of studies of their presence in cell-free extracts prepared from Lemna, or from suspension cultures of soybean or carrot. Some of these results have previously been communicated in brief form (20) .
MATERIALS AND METHODS Plant Materials. Lemna paucicostata Hegelm. 6746 was grown under standard conditions in medium 4 containing 20 ,lM S04-2 and Mes buffer (5) . Suspension cultures of soybean (Glycine max cv Peking) and carrot (Daucus carota L. cv Danvers) were grown as described (4) and generally used for enzyme studies at the same phase of their growth cycles as had been the preparations used for labeling studies (4) .
Other Methods. Chromatographic systems and solvents previously designated as A, B, C, E, and F were used as described (4) . Protein was determined by a modification of the method of Bradford (2) (Pierce Chemical Co.). Methods for paper electrophoresis, phosphatase treatment, mild alkaline deacylation (1 1), acid hydrolysis of phosphatidyl derivatives, or glycerylphosphobases to the free bases, methylation with CH3I, utilization of authentic internal radioactive standards as markers, location of radioactive compounds on chromatograms and electrophoretograms, elution of such materials, and calculation of the amounts of radioactivity in particular compounds which had been subjected to several sequential purification steps have been described (4, 18, 19) .
Chemicals. Sources or methods for preparation of most compounds have been specified (19 (18) . It contained 54 x 106 dpm 3H, approximately 12% of the total 3H in the initial medium, and 72% of that taken up by the plants during the incubation. Analytical electrophoresis at pH 7.0 (18) of a small aliquot of this fraction showed that a maximum of 25% of the 3H content moved toward the positive pole in the region of the methylated EA phospho-bases. Previous experience had shown that after a 15 min incubation with intact Lemna, more 3H originating in the methyl group of methionine would be found in P-Cho than in either P-MEA or P-DMEA (19) . For the purposes ofour intended experiments, it was important to obtain each of the latter two free of contaminating P-Cho. To permit tracking of the fate of P-Cho during the ensuing purification procedure, 100 x 103 dpm [14CH3JP-Cho was added to the methanol-water-soluble fraction. The entire fraction was dissolved in 10 mL water and applied to a column ofDowex 50-H+ (2.0 x 5.0 cm) to which the phospho-bases adhered. After a wash with 25 mL water, most of the 3H-labeled P-MEA and P-DMEA were eluted with 100 mL 0.001 N HCl, along with 5% of the [14CH3]P-Cho. The approximately 95% ofthe P-Cho still retained on the column could be eluted with more concentrated HCl.
The 0.001 N HCl eluate contained 4.0 x 106 dpm 3H. This eluate was dried, and subjected sequentially to preparative electrophoresis at pH 7.0 (18) and to paper chromatography with solvent B, then solvent C. During the first two of these procedures P-MEA, P-DMEA, and P-Cho moved together, but in the last the three compounds separated.
[3H3C]P-MEA ( In early experiments, the breis resulting from homogenization were used for enzyme assays without further processing. In later experiments (as specified in "Results"), the breis were centrifuged at 48,000g for 15 min, and the resulting supernatant solutions passed through small columns of Sephadex G-25 (medium) (21) , previously equilibrated with the homogenizing medium (diluted to two-thirds the original concentration in order that its concentration approximate that of the brei after dilution of the homogenizing solution by tissue water). The gel-filtered material was used for assay in a reaction mixture containing the following components in a final volume of 0.15 mL: potassium Hepes buffer (pH 7.8) 15 ,umol; ['4CH3] AdoMet, 1.5 nmol, 2 x I05 dpm; P-EA, P-MEA, or P-DMEA, as indicated, 33.8 nmol; enzyme preparation plus diluted homogenizing medium, 0.025 mL. After a 30 min incubation at 30°C, the reaction was stopped by addition of 1 mL cold H20, and a 1 mL aliquot of the diluted mixture was quickly applied to a column of Dowex 50-H+ (0.8 x 3.5 cm). The column was washed with 1 mL H20, and the flow-through and wash discarded. P-EA-bases were then eluted with 10 mL 0.1 N HCI. Aliquots of this eluate were usually taken for determination of radioactivity, and further suitable aliquots were then dried and (after addition of appropriate 3H-labeled internal markers) further purified by chromatography with solvent C. This solvent separated P-MEA, P-DMEA, and P-Cho, thus permitting not only confirmation of the identity of each product, but also quantitation of the amount formed.
formic acid (0.01 mL 2.5 N). After centrifugation, an aliquot of the supernatant fluid was taken to dryness. Loss 1 ,mol; and radiolabeled P-EA-base derivative (as specified in each experiment). The reaction was terminated by addition of 1 mL of cold 3% perchloric acid, the protein precipitate removed by centrifugation, and the radiolabeled CDP-base product isolated from the supernatant solution by adsorption onto charcoal by a modification of the method of Threlfall (25) : Just prior to use a column was prepared by pipetting 0.4 mL of a slurry of charcoal (Norit A) and celite (1 g each in 10 mL H20) into a polystyrene column (Pierce Chemical Co.), and passing through it 4 mL of 8% 2-octanol in ethanol, followed by 1 mL H20, using gentle pressure. An aliquot of 1 mL of the supernatant sample was then applied, and the column washed with one or two 0.5 mL H20 washes. Any CDP-base was eluted with 0.5, then 2.5 mL 10% pyridine in H20. The dried eluate was subjected to chromatography with solvent B, with which the CDP-bases moved with R, ofabout 0.07. Radioactivity in this area of the developed chromatogram was taken as a measure of product formation. In some experiments (as specified in "Results"), for further proof of the identity of the product formed, material moving in the area ofthe CDP-bases was eluted and acid hydrolyzed (30 min, 3 N HCI, 100°C) to form the corresponding P-bases. The latter were chromatographed with solvent C to separate the individual phospho-bases.
RESULTS

N-Methylation of P-EA and Related Compounds. Preliminary
Experiments with Lemna Breis. The results of in vivo kinetic studies of incorporation of the methyl group of methionine into PtdCho by Lemna, soybean, and carrot had suggested that each of these plants possess an enzyme capable of N-methylating P-EA (4). Accordingly, in initial experiments, we sought for such an activity using crude extracts of Lemna and ['4CH3]AdoMet as methyl donor. Positive results were obtained when the complex homogenizing medium described in "Materials and Methods" was used. An enzyme-and P-EA-dependent activity was detected leading to formation of '4C-labeled material which was retained by Dowex 50-H+, and eluted by dilute HCI, as expected for methylated P-EA derivatives (Table I) . Under the conditions of these experiments, maximal activity occurred at pH 7.8 in Hepes buffer. Product formation was linear between 15 and 30 min and proportional to enzyme added up to at least 37.5 frondequivalents (data not shown). To further identify the product, the material eluted from Dowex 50 with 0.001 N HCI was chromatographed. With both solvent B and solvent C the product formed during incubation at pH 7.8 moved with authentic P-MEA and separated from the small amount of radioactive material in the similar fraction from the incubation without P-EA. Solvent C separated the product from P-EA, P-DMEA, and PCho. The products formed during incubations at pH 6.8 and 8.3 also behaved similarly to authentic P-MEA during chromatography with either solvent B or C.
The homogenizing medium used in these initial experiments was one which prior experience in our laboratory had shown to Table I . S-Adenosylmethionine:Phosphoethanolamine NMethyltransferase Activity in Breis from Lemna Procedures were as described in "Materials and Methods" for assay of AdoMet:P-EA-base N-methyltransferases except that the whole brei was used as enzyme rather then the gel-filtered supematant solution, the reaction mixture contained added P-EA, as indicated, and 1.5 nmol MgC2, and elution from Dowex 50-H+ was carried out with 10 mL 0.001 N HC1, of which a 1 mL aliquot was taken for determination of radioactivity.
pH (buffer) be useful in studies of crude plant extracts. Polyethylene glycol was added because Greene and Davis had shown it to greatly enhance the AdoMet:L-methionine S-methyltransferase activity of jack bean extracts (6) . To evaluate the effects of the various components of this medium, breis were prepared in media with one or more components omitted: removal of glutathione led to almost complete loss of activity; of EDTA, to almost 60% loss; of potassium phosphate, or of both sucrose and polyethylene glycol, to little, ifany loss. A brei prepared in a simplified medium containing only Tris, EDTA, and reduced glutathione had about 85% the activity as a brei prepared in the complete medium. A variety of additional manipulations produced only minor losses (and in no case an increase) in activity. These included: (a) freezing the Lemna prior to homogenization, or storage in the frozen state for 72 h of a brei prepared in the complete medium; (b) removal of MgCl2 from the reaction mixture; (c) addition of more reduced glutathione to the reaction mixture to a total of 2 ,mol; and (d) centrifugation of the brei and use of the supernatant fluid only as enzyme (approximately 90% of the activity was recovered in the soluble fraction).
Changes in Substrates. The effects of changes in substrates were also tested using breis of Lemna prepared in the complete homogenizing medium:
(a) Changes in Phospho-bases. A threefold increase in the concentration of P-EA in the reaction mix (from 300 to 900 /M) produced a twofold increase in reaction rate. When P-MEA was substituted for P-EA (each at 225 uM) the relative rate of phospho-base-dependent formation of '4C-labeled material eluted from Dowex 50 with dilute HCI increased by 1.4-to 2.5-fold (two experiments); with P-DMEA the relative rate increased by 1.7-to 2.3-fold. (During these experiments, it was found that at least 10 mL of 0.0033 N HCl was required to elute P-Cho quantitatively from the standard column of Dowex 50-H+, whereas for P-MEA and P-DMEA the same volume of 0.001 N HCI was sufficient. In subsequent experiments, therefore, stronger elution conditions were used throughout (in some cases as much as 20 mL of 0.5 N HCl). As described in "Materials and Methods," the routine procedure finally settled upon used 10 mL of 0.1 N HCl.) The products of the reactions with P-EA, P-MEA, and P-DMEA were identified as P-MEA, P-DMEA, and P-Cho, respectively, by demonstrating that each moved with the expected compound during chromatography with solvent C (Fig. 1) . Fur Similar aliquots of the material from each reaction mix eluted from Dowex 50-H+ with dilute HCI were chromatographed with solvent C (accompanied by 3H-labeled internal standards of each of the three methylated derivatives of P-EA). In this figure, as in all others of chromatograms in this paper, radioactivity due to authentic internal standards is indicated by dashed lines (and referred to the right-hand ordinate). Each such peak is named on the figure. Radioactivity due to the material under study is indicated by solid lines (and referred to the left-hand ordinate). Substrates were added to each reaction mix as indicated.
product. For each phospho-base the rate of reaction with Smethylmethionine was no more than 5% that with AdoMet.
Experiments with Breis from Soybean or Carrot. Breis, prepared from either cultured soybean or carrot by grinding in the complete homogenization medium, were incubated with ['4CH31 AdoMet and either P-EA, P-MEA, or P-DMEA (each 225 uM). The material eluted from Dowex 50-H+ with 4 ml 0.5 N HC1 was chromatographed with solvent C:
(a) Soybean (Fig. 2) . With formation of a phospho-base-dependent peak of radioactivity with the mobility of the appropriate product (in this case, P-MEA). No product was detected with either P-MEA or P-DMEA as substrate. Had either ofthese compounds supported a reaction at 5 to 10% the rate of the reaction with P-EA in the same experiment, such product would have been detected.
(b) Carrot (Fig. 3) . With carrot, the appropriate product was formed after incubation with each of the three phospho-bases in amounts sufficient to be readily detected after chromatography with solvent C. To further confirm the identities of the products formed by the breis from either soybean or carrot, each such product was eluted from the chromatogram with solvent C, treated with phosphatase, and chromatographed with solvent A. In each case the product then moved with the mobility expected for the appropriate methylated free-base derivative of EA. With carrot brei, the relative reaction rates dependent upon added P-EA, P-MEA, and P-DMEA were estimated as approximately 100:42:31, respectively. Small amounts of each of the products were detected even in the reaction mixture to which no phosphobase had been added. In no case was this more than 10% the amount formed when phospho-base had been added. This is attributed to the likely presence of some of each of the phospho- bases in the rather large amounts of un-gel-filtered carrot brei used as enzyme in this experiment.
Experiments with Centrifuged, Gel-filtered Extracts. To perform more definitive experiments upon the effects of variations in the phospho-bases on AdoMet:P-EA-base N-methyltransferase activities, experiments were carried out with gel-filtered extracts. A preliminary experiment with Lemna extract and P-EA as substrate showed that during gel-filtration through a column equilibrated with the complex homogenizing medium recovery of methyltransferase activity was excellent (74-93%).
Several assays were performed with such extracts prepared from Lemna, soybean, and carrot. In each case, the rate of product formation was quantitated after purification of product by chromatography with solvent B or C. In the first series of such experiments, each of the phospho-bases was used as substrate at Table II . Again, Lemna and carrot extracts were active with each substrate, whereas soybean extracts were active only in converting P-EA to P-MEA.
To extend these results, assays were done at a range ofsubstrate concentrations. With Lemna, reaction rate increased progressively with P-EA concentration, and with P-MEA (to saturation), but as P-DMEA was raised above approximately 75 AM there was a severe progressive decrease in reaction rate (Fig. 4) . With soybean, reaction rate also increased as the concentration of P-EA (the only active substrate) was raised (Fig. 5) . However, under all conditions tested the specific activities of soybean extracts in methylation of P-EA were very much lower than the corresponding specific activities of either Lemna ( Fig. 6) , at highest substrate concentration the maximal rate was attained with P-EA, followed by P-MEA, then P-DMEA. However, at low substrate concentrations the 'catalytic constants,' Vmax/Km (as measured by the x-intercepts in Fig. 6 ), were such that P-DMEA became the preferred substrate.
N-Methylation of Phosphatidyl-Bases. To complement the studies of methylations of phospho-bases just described, a search was made for AdoMet-dependent methylations of PtdEA-bases. Marshall and Kates (12, 13) Table III . S-Acenosylmethionine-Dependent Phosphatidyl-base N- Methyltransferase Activities Assays were performed as described in "Materials and Methods" with substrates added as specified. The chloroform-methanol-soluble products were initially purified by chromatography with solvent E. Except where indicated by footnotes, each product was eluted from the resulting chromatogram, then subjected to either mild alkaline deacylation, followed by acid hydrolysis of the water-soluble product and chromatography with solvent A (Lemna and soybean reactions), or to acid hydrolysis followed by pH 7.0 electrophoresis and chromatography with solvent A (carrot reactions). CDP-Cho was incubated with a Lemna extract. It was recovered intact in about 75% yield. To examine the extent to which phospho-bases were broken down during incubations with each type of extract, flow-throughs from the charcoal columns (in which both phosphobases and the corresponding free-bases would be located) were collected after incubations with each radiolabeled phospho-base. Aliquots of these flow-throughs were applied to small columns of Dowex 50-H+ (as used for assay of phospho-base methyltransferases). Break-down of the phosphobases was shown to be small since, in all instances, at least 84% of the radioactivity was eluted from the columns with 20 mL 0.1 N HCI, as is the case for the phospho-bases, whereas any freebases (the products formed by hydrolysis of the phospho-bases) would not have eluted under these conditions. Establishment ofAssay Conditions under which Activities with the Three Methylated Phospho-bases Could be Compared. For each tissue under investigation, we wanted to compare the activities for catalyzing cytidylyltransferase reactions with P-MEA, P-DMEA, and P-Cho under a variety of conditions. At the time these studies were carried out, we had available only limited amounts of P-MEA and P-DMEA, each labeled with 3H, of high, but unknown, specific activity.
[3H3C]P-Cho and ["'CH3]P-Cho were also available. To utilize these materials most efficiently, it was decided to perform the assays at substrate concentrations as low as practical (i.e. using the minimal needed amount of radioactive substrate without added nonradioactive carrier). When Zivan and Waud (26) , the results indicated an apparent Km of 2.1 mM for P-Cho, and a Vma. of 830 pmol/frond equivalent/h. As predicted by the above argument, at low P-Cho concentrations (below a total of approximately 120 uM P-Cho) the proportion of a fixed amount of ['4CH3]P-Cho incorporated into ['4C]CDP-Cho was essentially independent of the amount of carrier P-Cho added. In subsequent experiments in which the cytidylyltransferase efficiencies with phospho-bases were to be compared, a low amount of ['4CH3]P-Cho (from 10 to 25 x 103 dpm in different experiments) was included in each reaction mix, along with a 3H-labeled phospho-base (usually 25 to 50 x 103 dpm). Enzyme concentration and incubation time were adjusted so that not more than 13% of each initial substrate was converted to product. The ratio of 3H/'4C in the final reaction mix was determined, as were the amounts of ['4C]CDP-Cho and [3H]CDP-methylated EA-base formed during the incubation. The ratio of [3H]CDP-methylated EA-base to ['4C]CDP-Cho was adjusted by division by the ratio of 3H/'4C in the reaction mix, giving the catalytic constant for the substrate in question relative to that for P-Cho. To validate this approach, experiments were performed in which both`'Cand 3H-labeled P-Cho were included in the same reaction mix.
In experiments using a brei from each of the tissues under investigation, the adjusted relative catalytic constants ranged from 100 to 106% for the two different radioactive preparations of P-Cho, within experimental error in good agreement with the expected value of 100%. During these exploratory experiments the identity of the CDP-base product formed during incubation with each of the radiolabeled phospho-base preparations being used (whether P-MEA, P-DMEA, or P-Cho) was confirmed by elution of the CDP-base product from the chromatogram developed with solvent B, acid hydrolysis to yield the phospho-base, and chromatography of the latter with solvent C. The results of the latter chromatograms showed that in each case not only was the CDP-base product that expected on the basis ofthe phosphobase substrate used for the reaction, but also that neither the preparation of [3H3C]P-MEA nor that of [3H3C]P-DMEA was contaminated with sufficient [3H]P-Cho to give any detectable
[3H]CDP-Cho among the products formed. Table IV summarizes the quantitative results of a series of studies of the cytidylyltransferase activities in question. Catalytic constants for P-MEA and P-DMEA relative to that for P-Cho were determined with breis from Lemna, soybean, and carrot at not only the standard pH of 6.4 (in Tris. maleate), but also at pH 7.4 and 8.5 (each in Tris). The rates with a fixed amount of ['4CH3]P-Cho at the three pH values were also compared. With each tissue, P-Cho was the preferred substrate, and reacted most rapidly at pH 7.4. P-MEA and P-DMEA were each less efficiently utilized than P-Cho at all pH values tested. In no instance did a change in pH affect the activity of a particular tissue with either P-MEA or P-DMEA to an extent strikingly different from the effect of the same pH change upon the activity with P-Cho. DISCUSSION During the course of the present work we have investigated cell-free extracts prepared from Lemna, and from suspension cultures of soybean and carrot, for the presence of three groups of enzyme activities related to the biosynthesis of PtdCho:
1. P-EA, P-MEA, and P-DMEA N-methyltransferases. Such activities have not been reported previously from any source. We have demonstrated in each of the three plant systems investigated the presence of an AdoMet-dependent activity capable of converting P-EA to P-MEA. This is a crucial finding, since our previous studies of the kinetics of entry of methyl groups originating in methionine into the network of all possible methylated derivatives of EA had led us to postulate methylation of P-EA as a committing step in PtdCho synthesis common to the plants in question (4, 19) . Under similar conditions of tissue extraction and enzyme assay, Lemna and carrot, but not soybean extracts, also had readily demonstrable activities for the conversion of P-MEA to P-DMEA, and of P-DMEA to P-Cho. Again, this agrees with the previous kinetic studies ofthe intact plant systems which had suggested that in soybean, in contrast to Lemna and carrot, subsequent methyl groups are introduced only at the phosphatidyl-base level (4, 19) .
Preliminary investigations of some of the properties of these enzyme activities are reported, but it would be desirable to confirm these findings with more highly purified enzyme preparations, and to investigate whether one, or more, enzymes catalyze the activities in question.
2. PtdEA, PtdMEA, and PtdDMEA N-methyltransferases.
With each of the three plants investigated preparations of particles pelleted between 15,000 and 100,000g catalyzed accumulation of radiolabeled methyl groups originating in AdoMet in PtdDMEA (this reaction being stimulated by addition of PtdMEA), and in PtdCho (stimulated by addition of PtdDMEA). No labeling of PtdMEA was observed, even in the presence of added PtdEA. These particles were prepared and assayed essentially as described by Marshall and Kates in their studies of spinach leaves (13) . The spinach leaf preparations were free of mitochondria (as shown by assays of Cyt c oxidase), and of chloroplasts (as shown by assays of Chl), and were termed 'microsomal' by Marshall and Kates (13 3. CTP:P-MEA, CTP:P-DMEA, and CTP:P-Cho Cytidylyltransferases. With each of the tissues investigated, we have demonstrated activities capable of transferring the cytidylyl moiety of CTP to P-MEA, P-DMEA, or P-Cho to form the respective CDP-bases. To our knowledge, such activities with P-MEA or P-DMEA have not previously been reported, although cytidylyl transfer to P-Cho is well known (15, 17) . For each tissue, the preferred substrate under the conditions tested was PCho. Variations in pH failed to reveal any dramatic changes in the relative activities for the three substrates. Certainly further studies, and probably purification of the relevant activities, will be needed before it is established whether one, or more, enzymes are involved in the reactions described.
The relevance of these combined enzyme studies to our working models for PtdCho synthesis in Lemna, soybean and carrot are summarized in Figure 7 . Here, the models previously proposed (4) are expanded by addition of symbols indicating our detection of, or failure to detect, certain relevant enzyme activities. As can be seen in this figure, among the activities investigated, the present results at least provide positive evidence for the presence of all those required by the models shown. Thus, all available evidence from our studies is consistent with the working hypothesis that methylation of P-EA is a committing step in PtdCho synthesis in higher plants. One For example, some workers have found that the mammalian liver enzyme which methylates PtdEA has an absolute requirement for Mg2' (9) , whereas others found no such requirement (23 (4) , except that the boxed + and -signs have now been added to indicate the detection (+), or failure to detect (-), a given enzyme activity during the present work. For any detected activity, the number of + signs gives a rough indication of the relative rate of that activity within an enzyme group and for the specified tissue only. For example, a phospho-base N-methyltransferase activity in Lemna is compared only to other phospho-base N-methyltransferases in Lemna. Similarly, phosphatidyl-base N-methyltransferases are compared only to one another within a given tissue, as are cytidylyltransferases. The relative activities shown for the phospho-base N-methyltransferases are based upon the results at low substrate concentrations. Although in this figure a pathway from P-EA to CDP-EA to PtdEA is indicated, the required CTP:P-EA cytidylyltransferase activity has not been conclusively demonstrated in a higher plant tissue. An enzyme catalyzing conversion of CDP-EA to PtdEA has been shown to be present. A possible alternative route to PtdEA involves decarboxylation of phosphatidylserine (15, 17) . Uncertainties as to the route to PtdEA do not directly affect the conclusions drawn in the present paper. Some contribution of methylation of PtdEA to PtdMEA has not been eliminated in soybean and carrot (see text for more complete discussion of this point).
sperm ancestors possessed a P-EA N-methyltransferase, but not a P-MEA N-methyltransferase (as is still the case with soybean), forcing subsequent methylations to occur at the phosphatidylbase level by the omnipresent PtdMEA and PtdDMEA N-methyltransferases. Acquisition of P-MEA (and, probably, P-DMEA) N-methyltransferase activity by the Ranales would then allow their descendants to utilize to a greater or lesser extent pathways involving methylations at the phospho-base level. Focussing of future studies upon members of the Magnoliales and Ranales, and their early phylogenetic relatives, might then afford efficient experimental means of exploring this possibility. (Of course, the opposite phylogenetic sequence may also be entertained: The hypothetical proangiosperms could have possessed not only P-EA N-methyltransferase activity, but P-MEA and P-DMEA Nmethyltransferase activities as well. The Magnoliales, or at least some of their descendants by the time the Leguminales had been reached, would then have lost the P-MEA N-methyltransferase activity. In our view, more evidence will be required before either of these sequences is strongly supported and before a choice can be made between the two.) LITERATURE CITElD
